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Abstract 
In the fuzzy neural networks’ applications the membership functions ȝ_A (t) are selected from a standardized 
sequence of fuzzy sets without any modification depending on the class of problems to be solved using these 
procedures. In this paper we are creating fuzzy numbers strictly depending on the studied stock’s problem. The 
dependence on the problem is realized determining the member – ship function ȝ_A (t), using the least squares 
method containing the relative frequencies of the stock’s outputs. Is well known that the least squares method is a 
best approximation procedure. Therefore the whole numerical procedure applied in the followings using the (FAHP) 
and (FQFD) algorithms depends on the solved problem’s data. Moreover (FAHP) proposes the best weights we’ll use 
in (FQFD) weights depending on the input data. 
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1. Introduction 
From the experience of economic activities on the production of material goods was found that the 
stock is a tool that regulates the activity. 
The stock is composed of two parts. The first part is a stable stock (relatively stable) characteristic of 
each company and each product type, and the second is safety stock, which completes the stable stock if 
necessary.  
This paper deals with the optimization of safety stoc size, which in some cases may be zero.In the 
specialty literature there are many safety stock optimization methods. We try to bring in a contribution in 
this line. 
First of all we approach the problem from the perspective of fuzzy theory. In this sense we are using 
fuzzy numbers logic. In order to be loyal as much as possible of problem data, the fuzzy numbers are 
created  using a membership function generated by a Weibull model. 
The Weibull probability density we determine using the least squares method relatively to stocks 
outputs relative frequencies. This idea brings fuzzy numbers close to stocks’ problem. Finally the 
membership function is the Weibull model’s distribution function. 
This distribution function is strictly increasing, with values in the [0,1] interval having the first portion 
convex and concave in rest. On the concave portion we are creating a uniform division what is generating 
the fuzzy numbers. Having an increasing sequence of fuzzy numbers we pass the hierarchy algorithm and 
to determine the optimal weights, that is to Fuzzy algorithm (AHP), denoted by (FAHP). In this (FAHP) 
algorithm we are using a double hierarchy, namely a first stage is to assign every stage of stock a fuzzy 
number from the sequence depending on its importance. 
The second stage is that the classical one, namely to use the hierarchy matrix and to apply the eigen 
values and eigenvectors. Finally (FAHP) produces the weights sequence (wi) , i=1÷n. Note that at the first 
stage appears a subjective aspect of assigning the fuzzy numbers, what depends on the user and implicitly 
on his experience. In this framework too we mention that choosing the Weibull model is connected to the 
distribution function’s quality, what produce fuzzy numbers. 
At the end, using the weights sequence we can pass naturally to a fuzzy neural network in order to 
obtain the output data of the study regarding the safety stock optimization, necessary for the production 
process. Details about those above said, there are in the paper’s content. 
1.1.  Estimated parameters of Weibull Model using the method of least squares 
We define the Weibull in the general shape. 
Suppose that the function u: nxℜℜ -  is a partially derivable function, ie a continuous function on ℜ   
and derivable except for a finite number of points which is not derived but admits later derivatives side. In 
addition we have the function  
u=u(x;p), 
npxpxuu ℜ∈ℜ∈= ,),,(
),...,,( 21 npppp =
In conclusion, u depends on n  2 parameters. Under these assumptions Weibull's function is defined by  
);();( );( px
dx
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epxf pxu−=
                                                                                                                 (1)
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In addition, f (x, p) becomes the probability density if 
³
∞
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                                                                                                                                       (2)
Sure that in (1), the derivative is calculated in points where u (x, p) is derivable, so (2) makes sense 
because the improper integral can not be defined on a finite number of points. The applications meet 
functions u (x, p) which depend on two or three parameters, so n = 2 or n = 3.In the found applications in 
most cases the Weibull generator has two or three parameters, i.e. 2+ℜ∈p or  3+ℜ∈p . This paper will 
use the case  2),( +ℜ∈= λβp and the generating function u (x, ȕ, Ȝ) Weibull, defined by: 
0,
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≤
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x
xu βλλβ                                                                                                                         (3)
where ȕ, Ȝ>0 are parameters to be determined. Accordingly Weibull probability density, biparametric, has 
the form: 
0,0
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In a first analysis, Weibull biparametric probability density, given by (4) is defined using the 
generator u (x, ȕ, Ȝ) which is continuous on ℜ , derivable almost everywhere on ℜ , 0>∀λ and 
0>∀β . If ȕ  1, the Weibull generator is derivable even on ℜ . For )1,0(∈β we have: 
∞==
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                                                                                                                      (5)
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                                                                                                                                            (6)
We observe that ),,( λβxu  satisfies (i) and (ii) conditions from the definition of Weibull generator. In 
order that f (x, ȕ, Ȝ) from (4) to be the probability density it must be satisfied also condition (2).  This 
shows without difficulty that:  
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So 
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Calculus of the improper integral: 
³ ³
∞
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∞
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−−
= dxexdxxf xβλββλλβ 1),,(                                                                                                      (9) 
We will use the change of variable βλxz = so 
dxxdz 1−= βλβ                                                                                                                                        (10)
This remark is important because we used to determine the distribution function F (x). 
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If we consider (3) and (4), then (11) becomes 
0,),,(
0,0)(
>
≤
=
xdttf
x
xF λβ                                                                                                                    (12)
Calculation of integral (12) is done now using (10) and this way we obtain: 
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edtet
0
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ββ λλβλβ                                                                                                                    (13)
Consequently the distribution function F (x) is 
0,1
0,0)(
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− xe
x
xF
xβλ                                                                                                                           (14)
Now we define the function R (x, ȕ, Ȝ) by: 
)(1),,( xFxR −=λβ                                                                                                                             (15) 
So 
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βλλβ xexR −=),,(                                                                                                                                   (16)
From the perspective of probability theory, distribution function is defined by: 
)()( xXPxF <=                                                                                                                                  (17)
Means that the probability distribution function, namely the probability of occurrence of type 
continuous random variable X which has density (distribution) on the Weibull model given by (4). 
Therefore R (x, ȕ, Ȝ) is negated by F (x, ȕ, Ȝ).  In the literature R (x, ȕ, Ȝ) is called the reliability function 
[1].  It will be determined the parameters ȕ and Ȝ, positive, using the method of least squares.  For this 
purpose we define the function 
λβλβλβ lnln)],,(ln[ln),,( 1 +== − xxRxL                                                                                (18)
We attached a function defined by (18) an uniform mesh of variable x>0. If we introduce the notation 
λln=a , xt ln= , ),,( λβxLy =                                                                                                       (19)
expression (18) becomes: 
tay β+=                                                                                                                                                 (20)
In this way the method of least squares regression line turns into determination [2], which boils down 
to solving the system 
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The unknowns ȕ and a, where yi and ti represents the values attached to the uniform discretization: 
ii xt ln=
)1ln(ln~1
ip
y =                                                                                                                                          (22)
where pi is the empirical frequency of withdrawals. Linear system (21) admits a unique solution given by: 
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Where we used the notations: 
Campean Emilia et al. / Procedia Social and Behavioral Sciences 24 (2011) 972–982 977
T
nn
T
nn
yyyY
tttT
),....,,(
),....,,(
21
21
=
=
                                                                                                                             (24)
¦
=
=
n
k
kn y
n
YM
1
1)(                                                                                                                                    (25)
¦
=
=
n
k
kknn yt
n
TYM
1
1)(                                                                                                                             (26)
)()()()( nnnnnn YMTMYTMYTC −=                                                                                                   (27)
222 )]([)()( nnn TMTMTD −=                                                                                                               (28)
So  
¦
=
=
n
k
kn t
n
TM
1
22 1)(
In the theory of probability the expressions (25) - (28) have specific meanings.  The variables that are 
intervening have the following meanings: The mesh of variable x> 0: 
x1< x2<………<xn                                                                                                                                                                                                               (29)
corresponds to a mesh of out of stock frequencies: 
p1< p2<………<pn                                                                                                                                                                                                               (30)
Therefore the variables ti and iy are given by (22). With these remarks Weibull's function (4) is well 
defined. If you mention that ȕ is given by (23) and Ȝ, using (19) ae=λ (31) with a from (23). 
2. Fuzzy  numbers of Weibull type 
From the previous paragraph we saw that the Weibull distribution function has the form 
βλtetF −−= 1)(                                                                                                                                        (31)
The variable ],0[ Tt ∈  represents the time. We can observe that F(t)>0, 0≥∀t , but F’’(t) has the form: 
βλββ λββλβ tetttF −− −−= )1()('' 2                                                                                                   (32)
If we study the sign of F’’(t) we noticed that it is given by the next table. 
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Fig. 1. Sign of F” and the character of F 
Where t* is the inflection point of F, given by 
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Of course (33) makes sense for the parameter 1>β . Therefore the graph of F is given as in figure 2.
Fig. 2. Graph of the distribution function F(t) 
If we take into account (33), then the value of F (t*) is: 
)11(
* 1)( β
−−
−= etF                                                                                                                                                                          (34)
Thus we can define the Weibull member function )(tμ through: 
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Fuzzy numbers of cut is now built for t  t *. The construction of these numbers are made as follows: 
Let’s take )( *0 th μ= , meaning h0 is given by:  
)11(
0 1
β−−
−= eh                                                                                                                                               (36)
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And the uniform network 0))]([( ≥kkμ given by 
0,10 ><+= hkhhkμ                                                                                                                               (37)
`The step h>0 is chosen according to network time of a stock issue date. By determining the number 
of cut kμ  we determine the Fuzzy number of Weibull type Ik,h given by 
Ik,h=[tk,tk+1]                                                                                                                                                      (38)
Where tk is given by: 
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If you take into account (38) an embedding in ℜ of the fuzzy numbers of Weibull type Ik,h, we 
obtained by convex combination and associated modes tk and tk +1, obtaining the fuzzy number 
]1,0[,)1()( 1, ∈+−= + αααα kkhk ttI                                                                                                  (40)
In this way we obtained a family of fuzzy numbers on parameter Į, Įİ[0,1]. This family of Fuzzy 
numbers is no longer defuzzificated, it will result in validation of the models obtained by numerical 
algorithms (FAHP) and Neuro-Fuzzy networks that are attached. Geometric picture of these Fuzzy 
numbers Ik,h  is given in fig.3. 
Fig. 3. Geometric picture of Fuzzy Numbers 
3. Algorithm (FAHP) Weibull  
If in the proposed work interval [t *,T] are generated the Fuzzy numbers Ik,h, and embedded numbers 
  and if we note the characteristics of safety stock by Cs,k (which can be : costs, stock size, tend to 
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increase or decrease, the point of recovery, etc..) then we have all the data needed for the description of 
the algorithm (FAHP). From the way they were created by Fuzzy numbers Ik,h we can state that: 
Ik,h< Ik+1,h                                                                                                   (41)
This arrangement is natural. Therefore we also have: 
                                                                  (42)
If stock characteristics, denoted as I proposed are rearranged according to their increasing importance, 
also through: 
Cs,k < Cs,k+1                                                                                         (43)
Then we can assume that every feature Cs,k was associated a fuzzy number Ik,h. In this way we can 
write the matrix hierarchy Cs:                                                                 
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Fuzzy numbers associated to the characteristics ksC , are ordered by index “k”. Using the (AHP) 
process we build the matrix sC can lead to embedding in ℜ by the convex combination (40) and obtain: 
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For a given value of h>0 and Įİ [0,1] (45) becomes a matrix with known elements ℜ∈ijc . We can 
now apply the theory of eigenvalues and eigenvectors of (AHP) for the matrix . As is known the 
largest positive eigenvalue leads to the vector that contains the absolute values of the weights. These 
values are the components of its vector, leading to normalized weights vector noted ws. 
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4. Neuro-Fuzzy networks of Weibull type 
We approached a model based on Weibull type neural fuzzy networks. We modeled the functional unit 
of supply, UF-Supply, through a neural fuzzy network. Neural network scheme is shown in Figure 4. 
Neural network needs 4 neurons in input layer, corresponding to the four input quantities, namely: the 
average consumption Csmed, ș consumption trend, the stock St and volume of orders to be received Cd. 
The middle layer is composed of 10 neurons, but this number may be changed so that the error obtained 
in the training stage to agree. The final layer nodes are the number 2 and they correspond respectively to 
the order size Q,and to the control point s. 
Fig. 4. Neural network configuration 
Activation function was chosen as a function of interlayer nodes: 
βλtetF −−=1)(                               (45)
Where Ȝ and ȕ are given by (19) respectively (23).The algorithm proposed by us can be applied by the 
user, this being Levenberg – Marquardt. 
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5. Conclusion 
The need for stock opportunity is a current problem. We solved this problem using mathematical 
model based on Weibull type neural fuzzy networks that models the functional unit of supply, UF-Supply, 
through a neural fuzzy network, for a large period of time that reflects the phenomenon. 
It will be interesting a comparative study regarding h and Į parameters which represents the 
discretization pass and respectively the defuzzification parameter by convex combination. 
We call attention that the proposed mathematical model is strictly connected to the input data of every 
stock’s problem, namely to the relative frequencies of the stock’s outputs. 
The Weibull’s function was preferred because its special qualities allow the generation of fuzzy 
numbers. 
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